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I. SSD ESTIMATION METHODS
The current paper uses a 17-gene real-world derived network for comparing the performance
of the CoD-CP with MFPT-CP and SSD-CP. The CoD-CP can be used for directly designing
the stationary control policy on the 17-gene network and only need the SSD of the network. To
compare the performance of the CoD-CP designed on the 17-gene network with the MFPT-CP
and SSD-CP, we had to reduce the size of the network before being able to design the latter
two intervention policies. We used the gene reduction method introduced in [2] and deleted
genes consecutively until 10 genes were left in the network. At that point it was possible to
design MFPT-CP and SSD-CP; then those policies were induced back to the original 17-gene
network. The steady state distribution of the original 17-gene network is needed for designing
the CoD-CP and also for reduction of the network. Due to the large size of the network it is
computationally impossible to analytically derive the SSD of the network. We estimated the SSD
of the network using the method proposed in [3]. The intuition behind the algorithm is to let the
network transition for a long time and then use the Kolmogorov-Smirnov test to examine if the
network reached its steady state. The method for deciding state transitions of the Markov Chain
in the current paper differs slightly from the method which is used in [2]. The 17-gene network
used in two papers are the same, but it is noted that the SSD shift toward Desirable states using
induced MFPT-CP is different. The two different state transition methods led to both different
steady-states of the networks and differences in the SSD shift after applying a control policy. In
this section we describe these two state transition methods.
The main assumption in [2] is that the decision to use either gene perturbation or the network’s
transition function for the next network transition is made with a probability of 0:5. Such an
interpretation leads to using the network transition function approximately half of the time.2
If transition using the functions does not happen, then it uses perturbations for each gene to
determine the next state of the network. On the other hand, the current paper uses a two-step
process to decide the next network transition. First, an indicator random variable that follows
the multinomial distribution generated by the individual gene perturbation probabilities is used
to check if the network will transition by a random perturbation in one or more genes. If the
indicator variable shows that no gene perturbation occurs, then, the network transition function
is used for the next network transition. The second approach that is used in the current paper
is more widely accepted. This is most commonly accepted transition method for both the BNp
and the PBN models.
It is important to note that regardless of which state transition method is used, the currently
proposed CoD-CP outperforms the induced MFPT control policy.
II. COD-CP ALGORITHM: SELECTING STRONGLY-CONNECTED T-C PAIR AS TARGET AND
CONTROL GENES FOR SIMULATIONS
In many real-data scenarios the target and control genes can be speciﬁed by biologists/physicians
and used directly in deriving the intervention policy.
However, in our simulation studies where the expert knowledge about target and control genes
does not exist, we used the following approach for choosing them.
All of the possible two gene combinations are considered and each gene is examined as either
a candidate T or a C gene. For each two-gene combination, the CoD of the candidate C for
predicting candidate T is calculated. The pair with maximum CoD of C candidate for predicting
candidate T is selected. Then, the algorithm checks for existence of either direct or indirect path
from C to the T. If a path exist, then the T-C pair is chosen as CoD-Strongly-Connected T-C
pair. However, if there is not such a path, this pair is discarded and the next high CoD pair is
considered as the candidate T-C pair.
For checking of the existence of a direct path or connection between candidate T and C genes,
the connectivity table of the network is used. This table is built using the truth table of the BNp
as follows: if toggling the value of a predictor gene affects the value of a target genes, then the
corresponding entry of the table has 1, otherwise it has 0. Therefore, if there is a direct path
between C and T genes, then the corresponding entry in the connectivity table has value 1. This3
implies that if for the pair T-C, a path from C to T exists, it also means that control gene can
affect the target gene, based on the truth table.
If we cannot ﬁnd a connection between the T-C pair, there is still a possibility of having
a path which consist of more than these two genes. For checking the existence of an indirect
path(s), we used the Breadth-First-Search(BFS) algorithm [1]. The BFS ﬁnds all the nodes that
are reachable from the given source node.
This procedure is repeated until the CoD-Strongly-Connected T-C pair is found.
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